Calculations of AlCl4 − diffusivity based on CV plot
To evaluate the electrode kinetics of the graphene film cathodes, the AlCl4 -diffusivity (diffusion coefficient) was determined from the results of CV at various scan rates over the potential range of 0.7-2.5 V at room temperature by the Randles-Sevick equation. In the typical CVs of the GF-HC cathodes at scan rate of 0.5-10 mVs -1 ( fig. S10A ). The peak current (ip) in cathode samples (cathodic peak at 2.2 V in this study) was highly related to the square root of the scan rate (v) during the de-intercalation and intercalation of AlCl4 -, thus the electrochemical reaction rate would be controlled by a semi-infinite diffusion process. The diffusivity of the AlCl4 -at room temperature (25°C) can be calculated from Equation (1) 
fig. S12. EIS and CV spectra of GF-HC, GF-p, GF-Hp, and graphite. (A) EIS spectra
of GF-HC and GF-p. Calculated by the EIS spectra, the effective diffusion coefficient of These results demonstrate that the advance in electrochemical performaces of GF-HC mainly owes to the "3H3C" design of cathode material rather than electrolyte. Details on this new electrolyte will be reported later.
